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[57] ABSTRACT 

An annular combustion chamber for a gas turbine engine is 
provided with a plurality of fuel injection nozzles at its 
upstream end to direct swirled ?ows of fuel and air into the 
chamber. Ports in the combustion chamber walls direct air 
into the combustion chamber to oppose the swirling fuel and 
air ?ows from the fuel injection nozzles to achieve better 
fuel and air mixing. 

4 Claims, 1 Drawing Sheet 
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FUEL AND AIR MIXING PARTS FOR A 
TURBINE COMBUSTION CHAMBER 

FIELD OF THE INVENTION 

This invention relates to combustion apparatus for a gas 
turbine engine and is particularly concerned with the e?i 
cient mixing of fuel and air in such combustion apparatus. 

BACKGROUND OF THE INVENTION 

The combustion apparatus of a gas turbine engine is 
required to operate over a wide range of conditions. It is 
important that throughout this range of operating conditions, 
the fuel and air mixture which is directed into the apparatus 
is as thoroughly mixed as possible. If such thorough mixing 
is not achieved, then following combustion of the mixture, 
zones of combustion products will appear which are hotter 
than the remainder of the combustion products. This gives 
rise to variations in the temperature distribution of the 
combustion products as they exit the combustion apparatus. 
As a direct consequence of this, the nozzle guide vanes and 
other parts of the turbine which normally lie downstream of 
the combustion apparatus are subjected to localised over 
heating. 

Conventionally, the parts of the turbine which lie down 
stream of the combustion apparatus are provided with inter 
nal cooling air passages in order to ensure that they do not 
overheat. However, in order to cope with the localised 
overheating which can result from poor fuel and air mixing, 
the cooling air ?ow to the turbine parts is higher than would 
otherwise be the case. This in turn has a prejudicial effect 
upon overall engine efficiency. A further problem associated 
with such localised overheating is that it can have a detri 
mental effect upon turbine component life. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a gas 
turbine engine combustion apparatus in which the e?iciency 
of fuel and air mixing is improved, thereby reducing the 
occurrence of localised hot-spots in the combustion products 
exhausted from the combustion apparatus. 

According to the present invention, a gas turbine engine 
combustion apparatus comprises an annular combustion 
chamber having a plurality of fuel nozzles at its upstream 
end to direct a mixture of fuel and air into said chamber, each 
of said fuel nozzles being adapted to swirl the fuel and air 
mixture directed therefrom in a given direction about its 
longitudinal axis, said combustion chamber being de?ned by 
radially inner and outer generally axially extending annular 
walls, each of said radially inner and outer walls being 
provided with ports, at least in the upstream region thereof, 
for the entry of air into said combustion chamber, said ports 
being arranged in circumferentially extending arrays so that 
the ports in each array de?ne circumferentially alternate 
sources of high and low pressure air, the or each array of said 
ports in said radially outer combustion chamber wall being 
aligned with a corresponding array of said ports in said 
radially inner combustion chamber wall so that each port 
de?ning a source of pressurized air in one of said combus 
tion chamber walls opposes a port which de?nes a source of 
pressurized air, in the other of said combustion chamber 
walls, said ports being so positioned that air is exhausted 
from said ports de?ning sources of high pressure air in such 
directions that it opposes said given direction of swirl of said 
fuel and air mixture directed from each of said fuel nozzles. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be described, by way of 
example, with reference to the accompanying drawings in 
which: 

FIG. 1 is a sectioned side view of a ducted fan gas turbine 
engine which includes combustion apparatus in accordance 
with the present invention. 

FIG. 2 is a sectioned side view on an enlarged scale of a 
part of the combustion apparatus of the ducted fan gas 
turbine engine shown in FIG. 1. 

FIG. 3 is a view on arrow A of FIG. 2 showing the 
upstream end of the combustion apparatus. 

FIG. 4 is a view on arrow B of FIG. 2 showing part of the 
wall of the combustion apparatus. 

DETAILED DESCRIPTION OF THE 
INVENTION 

With reference to FIG. 1, a ducted fan gas turbine engine 
generally indicated at 10 is of conventional overall con?gu 
ration and operation. Thus air drawn in by a fan 11 at the 
upstream end of the engine is compressed by two axial ?ow 
compressors 12 and 13 before being directed into combus 
tion apparatus 14 in accordance with the present invention. 
There the compressed air is mixed with liquid fuel and the 
mixture combusted. The resultant hot combustion products 
then expand through a series of turbines 15, 16 and 17 before 
being exhausted through a propulsive nozzle 18. 
The combustion apparatus 14 can be seen more clearly if 

reference is now made to FIG. 2. The combustion apparatus 
14 is of the annular type. It comprises two generally axially 
extending, radially spaced apart annular cross-section walls 
19 and 20 which are interconnected at their upstream ends 
by a curved wall 21. The downstream ends of the combus 
tion apparatus walls 19 and 20 are connected to an annular 
array of nozzle guide vanes (not shown) which constitute the 
upstream end of the ?rst turbine 15. The walls 19, 20 and 21 
thereby de?ne a combustion chamber 22. 

Compressed air exhausted from the compressors 12 and 
13 is directed to a region 23 immediately upstream of the 
combustion apparatus 14. Some of that air passes through a 
plurality of apertures 24 provided in the curved wall 21. 
Immediately downstream of the curved wall 21 there is 
provided a further wall 25 which is also apertured to provide 
a series of further apertures 26 which are aligned with the 
apertures 24 in the curved wall 21. 
The apertures 26 in the further wall 25 each receive the 

downstream end of a generally L-shaped fuel nozzle 27 
which also passes through an aperture 24 in the curved wall. 
The fuel nozzle 27 downstream end is provided with an 
annular array of swirler vanes 28, which can also be seen in 
FIG. 3. The assembly of swirler vanes 28 actually intercon 
nects the fuel nozzle 27 downstream end and the further wall 
25. 
The air which passes through the apertures 24 in the 

curved wall 21 is subsequently swirled by the swirler vanes 
28 in a generally anti-clockwise direction when viewed in 
the upstream direction and as indicated by the arrows 29 in 
FIG. 3. This swirling of the air flow promotes mixing of the 
air with fuel which is sprayed in a conical jet 30 from the 
downstream end of the fuel nozzle 27. Consequently a 
swirling flow of fuel and air is created which swirls about the 
longitudinal axis 31 of the fuel nozzle 27. 

Unfortunately the swirling ?ows of fuel and air which are 
created by the fuel nozzles 27 are not fully effective in 
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providing thorough mixing of the fuel and air. In order to 
remedy this, additional ?ows of air are directed into the 
combustion chamber 22. The air originates from the region 
23 and ?ows around the exterior of the combustion chamber 
22 as indicated by the arrows 32 so that it cools the 
combustion chamber walls 19 and 20 as it ?ows over them. 
Some of the air then ?ows into the combustion chamber 22 
through a plurality of small inlets 33 provided in the 
combustion chamber walls 19 and 20. These air ?ows 
provide further combustion chamber wall 19 and 20 cooling 
as well as additional air to assist in the combustion process 
which takes place within the combustion chamber 22. 
The remainder of the air ?ows into the combustion 

chamber 22 through a series of small and large diameter 
ports 34 and 35 respectively which are provided in the 
combustion chamber walls 19 and 20. More speci?cally, 
each of the combustion chamber walls 19 and 20 is provided 
with an annular array of the ports 34 and 35 towards its 
upstream end. Each port 34 and 35 is in the form of a short 
open ended pipe which protrudes into the combustion cham 
ber 22. The end of each port 34 and 35 which protrudes into 
the combustion chamber 32 is scarfed. Each annular annular 
array of ports 34 and 35 comprises circumferentially alter 
nate small and large diameter ports 34 and 35, one of each 
of which can be seen in plan view in FIG. 4. The ports 34 
and 35 in each of the combustion chamber walls 19 and 20 
are so positioned that they oppose each other so that one 
small diameter port 34 opposes a large diameter port 35. 
This can be seen most clearly in FIG. 3. 

The ports 34 and 35 are so positioned circumferentially in 
the walls 19 and 20 that the high pressure air exhausted from 
the larger ports 35 tends to oppose the direction of swirl of 
the fuel and air mixture from the fuel nozzles 27. FIG. 3 
shows this effect with the size of the arrows associated with 
the ports 34 and 35 being proportional to the pressure of the 
air exhausted from those ports 34 and 35. This results in 
highly e?cective mixing of the fuel and air within the 
combustion chamber 22 prior to their combustion which 
leads in turn to a reduction in the magnitude of the thermal 
gradients which occur at the downstream end of the com 
bustion chamber 22. The cooling requirements of the turbine 
15 immediately downstream of the combustion chamber 22 
are consequently less demanding than would otherwise be 
the case. 

The ?ows of low pressure air exhausted from the small 
diameter ports 34 are necessary to ensure that the high 
pressure air ?ows from the large diameter ports 35 which 
they oppose do not direct hot combustion products on to the 
combustion chamber walls 19 and 20. If this did occur, there 
would be very rapid overheating, and consequent failure, of 
the combustion chamber walls 19 and 20. 
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It will be appreciated that although the present invention 

has been described with reference to a gas turbine engine 
combustion chamber 22 which is provided with a single 
annular array of ports 34 and 35 in its radially inner and 
outer walls 19 and 20, further more downstream annular 
arrays of such ports 34 and 35 could be provided if so 
desired in order to ensure thorough fuel and air mixing. The 
ports 34 and 35 in such additional arrays would, of course, 
have to be in appropriate positional relationship with the fuel 
nozzles 27 and with each other in order to create the desired 
effect of thorough fuel and air mixing. 
We claim: 
1. A gas turbine engine combustion apparatus comprising 

an annular combustion chamber having an upstream end and 
a plurality of fuel nozzles at said upstream end to direct a 
mixture of fuel and air into said chamber, each of said fuel 
nozzles de?ning a longitudinal axis and being con?gured so 
as to swirl the fuel and air mixture directed therefrom in a 
given direction about said longitudinal axis, said combustion 
chamber being de?ned by radially inner and outer generally 
axially extending annular walls, each of said radially inner 
and outer walls being provided with ports at least in an 
upstream region thereof, for the entry of air into said 
combustion chamber, said ports being arranged in circum 
ferentially extending arrays with a radially inner located port 
being substantially aligned with a radially outwardly located 
port and spaced apart circumferentially so that one of said 
radially inner and one of said radially outer located ports are 
disposed substantially on opposite sides of a said longitu 
dinal axis, at least some of said array of ports being of 
different diameters and arranged such that a port of smaller 
diameter is radially substantially aligned with a port of larger 
diameter located radially outwardly thereof in said radially 
outer combustion chamber wall so that the air exhausted 
from said arrays of ports opposes said given direction of 
swirl of said fuel and air mixture directed from each of said 
fuel nozzles. 

2. A gas turbine engine combustion apparatus as claimed 
in claim 1 wherein each of said fuel nozzles comprises 
means adapted to direct a substantially conical jet of fuel 
into said combustion chamber and an annular array of 
swirler vanes positioned around said fuel directing means to 
provide swirling of said fuel with the ?ow of air through said 
swirler vanes. 

3. A gas turbine engine combustion apparatus as claimed 
in claim 1 wherein each of said ports is in the form of a short 
open ended pipe protruding into said combustion chamber. 

4. A gas turbine engine combustion apparatus as claimed 
in claim 3 wherein each of said short open pipes is scarfed 
on the end thereof protruding into said combustion chamber. 


